Stroke kills or disables millions of people every year. If the cause of a stroke is known, it is often possible to reduce the risk of a second stroke by appropriate patient management. However, up to a third of all ischaemic strokes remain cryptogenic, with no identified cause.
and in patients without a history of stroke but with cardiac conditions. Second, the true rates of occult AF in cryptogenic stroke patients remain unknown. Rates may be substantially higher than what has been reported from studies with short-and medium-term monitoring systems.
The fact that occult AF episodes are asymptomatic adds the further problem that the patient is not aware of anything abnormal. This increases the difficulty of motivating patients at risk to wear external monitors for the prolonged durations necessary to achieve adequate detection rates. 19 
The Role of Insertable Cardiac Monitors
In recent years the development of small, leadless, insertable cardiac monitors (ICMs) has provided physicians with a tool that could become a game changer in risk assessment of patients with cryptogenic stroke when an arrhythmic origin is suspected. After insertion in a short, minimally invasive outpatient procedure, ICMs have the capability to monitor continually for AF over a long time period. The most studied ICM is Reveal XT, which uses a dedicated AF detection algorithm to detect new-onset AF or recurrence of symptomatic or asymptomatic AF episodes during up to 3 years. Reveal XT has the capability of transmitting data over the telephone or wirelessly to the Internet, which enables physicians to review and evaluate the data on a secure computer connection.
Reveal XT is currently the only insertable leadless device able to detect AF with a validated algorithm. Two other ICMs are avaialbleBioMonitor by Biotronik and SJMconfirm by St Jude Medical -but their clinical validation remains to be published.
In the Reveal XT Performance Trial (XPECT) in 247 patients, the performance of the ICM was compared with conventional Holter-ECGs obtained in parallel and evaluated by experts. In XPECT, the predefined Reveal XT algorithm had a sensitivity of 96.1 % and a specificity of 85.4 %.
The negative predictive value was 97.4 %. 20 The accuracy of assessing the AF burden (the percentage of time patients were in AF) was 98 %.
These credentials indicate that validated ICMs such as Reveal XT may have an important role to play in monitoring patients with cryptogenic stroke for the presence of occult AF, which would ensure that these patients receive the most appropriate and protective therapies.
Observational Feasibility Studies with Reveal XT in Patients with Cryptogenic Stroke
A number of small-scale clinical trials have investigated the performance of Reveal XT in patients with cryptogenic stroke of suspected arrhythmic origin.
The largest population was included in an observational study conducted by Rojo-Martinez et al. 21 A total of 101 patients who received a Reveal XT were included. The presence of AF was excluded by a number of (26-240) days. The probability of detecting AF was greatest within the first 100 days after the ICM was implanted.
Stricter screening of candidates for Reveal XT was employed in an observational study conducted by Ritter and colleagues. 22 Sixty patients received a Reveal XT within a median 13 days after an acute cryptogenic stroke event. The candidates were screened by 72-hour continuous rhythm monitoring on the stroke unit and only patients with negative findings received the ICM. After the ICM was implanted, 7-day Holter was performed as a comparative method for PAF detection.
In this rigorously screened population, Reveal XT identified an additional 10 cases of AF during follow-up. By contrast, the 7-day Holter analysis after implantation identified only three patients.
A notable finding was that there were no differences between patients with and without AF in terms of risk factors or risk scores. This underlines the difficulties in identifying patients at greatest risk of AF from clinical characterisations only.
Further support for the utility of Reveal XT were provided by a cohort study by Cotter et al. 23 in 51 stroke patients, all of whom had negative results for AF from rhythm monitoring with standard ECG and ≥24 hours of Holter monitoring. In this cohort, AF was detected by Reveal XT in 25.5 %. The median (range) of monitoring prior to AF detection was 48 (0-154) days. 24 who provided data on 22 patients who had received a Reveal XT and were followed for 12 months. All included patients had cryptogenic stroke confirmed by negative results from standard 12-lead ECG, 24-72-hour continuous stroke unit ECG monitoring and ≥1 additional 24-hour Holter-ECG. In this population, the rate of newly identified occult AF after 12 months was 27.3 %. The findings guided therapeutic decisions, as all patients with newly diagnosed AF were put on oral anticoagulation therapies.
These studies consistently confirmed the ability of Reveal XT to detect a significant percentage of occult AF in patients with cryptogenic stroke.
Although the studies were small-scale, single-centre cohort studies of varying design, the rates of occult AF were similar in all populations (see Table 1 ).
After such pilot studies, larger, more rigorously designed clinical trials would be necessary to provide a solid foundation for the use of Reveal One group of patients received Reveal XT, programmed to optimise AF detection. In the control group, cardiac monitoring was performed according to local standards for routine arrhythmia monitoring. AF episodes were identified by patients' physicians and adjudicated by an independent committee. AF was defined as an episode of irregular heart rhythm greater than 30 seconds.
The primary endpoint was detection of AF at 6 months. The results were strongly in favour of the use of Reveal XT: the detected rates of AF were 6.4 times greater with Reveal than with standard monitoring methods.
The differences between the groups increased with time: rates of AF identified by Reveal XT at 1 year was 12.4 % versus 2.0 % in the control arm and at 3 years the difference was even more striking: 30 % AF identified with Reveal XT compared with 3 % using routine monitoring methods (see Figure 1) .
The treating physicians adhered closely to guidelines for stroke prevention: >95 % of patients with identified AF in both groups were put on oral anticoagulant therapies. In consequence, the use of Reveal XT was associated with a dramatic increase in the proportion of stroke patients receiving protective oral anticoagulants: at 12 months, 14.7 % of patients in the Reveal XT group and 6.0 % of patients in the control group were on anticoagulants. (No data were presented from the 3-year analysis.)
Since the patient characteristics in CRYSTAL-AF were similar in both treatment groups, it is clear that the greater rates of AF detected in the Reveal XT group and the associated increase in the use of protective oral anticoagulants were due to the use of the ICM.
Outlook
Stroke is one of the most devastating vascular events to both the victims of the event and to their social environment. The recent developments discussed above provide hope for improved management of cryptogenic stroke patients. Looking ahead, a couple of conclusions and predictions can be made with reasonable confidence. 
